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ȕ HVWUDGLRO ( H[HUWV FUXFLDO LQIOXHQFHV LQ JURZWK
GLIIHUHQWLDWLRQ DQG KRPHRVWDVLV RI GLIIHUHQW WLVVXHV LQ ERWK
IHPDOHV DQG PDOHV >@ 0DQ\ RI WKHVH HIIHFWV DUH PHGLDWHG
WKURXJK ELQGLQJ DQG DFWLYDWLRQ RI LQWUDFHOOXODU UHFHSWRUV WKDW
EHORQJ WR WKH QXFOHDU UHFHSWRU VXEIDPLO\ RI OLJDQGLQGXFLEOH
WUDQVFULSWLRQ IDFWRUV WKH HVWURJHQ UHFHSWRUV Į (5Į DQG ȕ
(5ȕ $PRQJ WKHP (5Į LV WKRXJKW WR PHGLDWH PDQ\ RI WKH
WURSKLFDQGSURWHFWLYHHIIHFWVRI(>±@/LJDQGDFWLYDWHG(5Į
XQGHUJRHV D FRQIRUPDWLRQDO FKDQJH WKDW IDFLOLWDWHV LWV
UHFUXLWPHQWRQWRWKHSURPRWHUUHJLRQVRIWDUJHWJHQHV>@7KLV
UHFUXLWPHQW LVHLWKHUGLUHFW WKURXJK LQWHUDFWLRQZLWK FRQVHQVXV
'1$ VHTXHQFHV (5( (VWURJHQ 5HVSRQVLYH (OHPHQWV RU
WKURXJK SURWHLQSURWHLQ LQWHUDFWLRQ ZLWK RWKHU WUDQVFULSWLRQDO
IDFWRUVVXFKDV6SRU$3 ,QDGGLWLRQ WR LWVQXFOHDUDFWLRQ
(5Į DOVR PHGLDWHV UDSLG PHPEUDQHLQLWLDWHG DFWLRQV RI (
FKDQJHV LQ DGHQ\O F\FODVH PLWRJHQDFWLYDWHG SURWHLQ NLQDVHV
0$3.V SKRVSKDWLG\OLQRVLWRO NLQDVH 3,. DFWLYLWLHV DQG
PRGXODWLRQ RI LQWUDFHOOXODU FDOFLXP FRQFHQWUDWLRQ >@ $OWKRXJK
PRVW(5ĮSURWHLQVUHVLGH LQ WKHQXFOHXVDSRSXODWLRQRI(5Į
PROHFXOHV LV ORFDOL]HG WR WKH F\WRVROLF DQG PHPEUDQH
FRPSDUWPHQWV HLWKHU WKURXJK SRVWWUDQVODWLRQDO PRGLILFDWLRQV
DQGRU WKURXJK LQWHUDFWLRQ ZLWK PHPEUDQH SURWHLQV >±@
$OWKRXJKWKHVHUDSLGDFWLRQVRI(DUHPDLQO\FKDUDFWHUL]HGE\
SURFHVVHV DIIHFWLQJ VRPH VLJQDO WUDQVGXFWLRQ SDWKZD\V WKH
VXEVHTXHQWFHOOXODUUHVSRQVHPD\XOWLPDWHO\EHDUHJXODWLRQRI
JHQH H[SUHVVLRQ >@ (5Į FDQ DOVR DFW LQ D OLJDQG
LQGHSHQGHQWPDQQHU6HYHUDOVWXGLHVUHSRUWHGDQDFWLYDWLRQRI
WKH XQOLJDQGHG (5Į E\ SKRVSKRU\ODWLRQ >@ 8QOLJDQGHG
(5Į FDQ DOVR ILQG DFFHVV WR WKH KHWHURFKURPDWLF SURPRWHU LQ
RUGHU WR LQLWLDWH HYHQWV OHDGLQJ WR FKURPDWLQ UHPRGHOLQJ DQG
WUDQVFULSWLRQ LQLWLDWLRQ >@ :H SUHYLRXVO\ GHPRQVWUDWHG WKDW
XQOLJDQGHG (5Į H[KLELWHV D QHJDWLYH LQIOXHQFH RQ 1*)
LQGXFHG QHXULWRJHQHVLV LQ 3& FHOO OLQH XVLQJ QRQ
WUDQVFULSWLRQDOPHFKDQLVP>@0RUHRYHU3&FHOOOLQHUDSLGO\
XQGHUJRHV FHOO GHDWK IROORZLQJ VHUXPDQG1*)ZLWKGUDZDO RU
IROORZLQJVRPHR[LGDWLYHVKRFNVDQG(5ĮSRVLWLYH3&FHOOV
DUH VLJQLILFDQWO\ PRUH UHVLVWDQW LQ VHUXPIUHH FRQGLWLRQV WKDQ
FRQWURORQHVHYHQ LQ WKHDEVHQFHRIHVWURJHQ WUHDWPHQW >@
1HYHUWKHOHVV WKHSUHFLVHPHFKDQLVPE\ZKLFK(5ĮH[HUWV LWV
LQIOXHQFHV RQ FHOOXODU SURWHFWLRQ LV VWLOO SHQGLQJ ,Q WKLV VWXG\
ZH DLPHG WR LGHQWLI\ WKH PHFKDQLVP RI SURWHFWLRQ DIIRUGHG WR
XQOLJDQGHG(5ĮLQ3&FHOOVVXEMHFWHGWRVHUXPGHSULYDWLRQ
2XU 3& FHOO OLQH GRHV QRW H[SUHVV HQGRJHQRXV (5Į LQ LWV
QDWLYH VWDWH 7KDW DOORZV WR GHWHUPLQH WKH PHFKDQLVPV RI
SRVVLEOH WUDQVFULSWLRQDO RU PHPEUDQHLQLWLDWHG HIIHFWV RI (5Į
RQ FHOO DSRSWRVLV DQG VXUYLYDO E\ WKH XVH RI 3& FORQHV
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VHUXP 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WHUP DQG 3&(5<6 ZHUH REWDLQHG LQ RXU ODE DV
SUHYLRXVO\GHVFULEHG>@IROORZLQJVWDEOHWUDQVIHFWLRQRI3&
FHOOVZLWKWKHFRUUHVSRQGLQJH[SUHVVLRQYHFWRUVXVLQJ)X*(1(
 UHDJHQW 5RFKH 'LDJQRVWLFV %kOH 6ZLW]HUODQG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
([SUHVVLRQ YHFWRUV IRU (5Į (5Įǻ$ DPLQR DFLGV 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
(5Į&) DPLQR DFLGV 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DPLQR DFLGV
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DPLQR DFLGV  'U ) *DQQRQ (0%/ *HUPDQ\
F'1$V DUH JLIWV 7KH F'1$V HQFRGLQJ (5Į') DPLQR DFLGV
 (5Į<6 >@ DQG (5Į¨$) ZHUH REWDLQHG E\
3&5 XVLQJ (5Į F'1$ DV WHPSODWH 3ULPHUV VHTXHQFHV DUH
DYDLODEOH XSRQ UHTXHVW $OO F'1$V ZHUH VXEFORQHG LQWR WKH
H[SUHVVLRQYHFWRUS&5ZLWKWKHH[FHSWLRQRI(5Į')F'1$
ZKLFK ZDV VXEFORQHG LQWR S&'1$ 7232 ,QYLWURJHQ
&DUOVEDG86$
7KH 0&) KXPDQ EUHDVW FDQFHU FHOO OLQHV ZHUH SXUFKDVHG
IURP WKH $PHULFDQ 7\SH &XOWXUH &ROOHFWLRQ 0DQDVVDV 9$
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 0&) FHOOV ZHUH URXWLQHO\ PDLQWDLQHG LQ '0(0
,QYLWURJHQ&HUJ\SRWRLVH)UDQFHVXSSOHPHQWHGZLWKRI
)&6 %LRZHVW DQG DQWLELRWLFV 6LJPD$OGULFK DW & LQ 
&2
6HUXPVWDUYDWLRQDQGDVVHVVPHQWRIFHOOYLDELOLW\
&HOOV ZHUH SODWHG RQWR PXOWLZHOO SODWHV DW [ FHOOV SHU
ZHOO LQ SKHQRO UHGIUHH '0(0) FRQWDLQLQJ  RI FKDUFRDO
VWULSSHG )&6 6LJPD$OGULFK 7ZHQW\ IRXU KRXUV ODWHU FHOOV
ZHUH WUDQVIHUUHG LQWR SKHQRO UHGIUHH '0(0) FRQWDLQLQJ
HLWKHU  RI FKDUFRDO VWULSSHG )&6 6LJPD$OGULFK RU  RI
)&6 IRU  KRXUV LQ WKH SUHVHQFH RU LQ WKH DEVHQFH RI
LQKLELWRUV 33 ,QK9 3' DQG /< DQG WUHDWHG
ZLWKYHKLFOHFRQWURO(RU,&,&HOOYLDELOLW\ZDVWKHQDVVHVVHG
E\ TXDQWLILFDWLRQ RI FHOOXODU $73 FRQWHQW 9LD/LJKW +6 NLW
/RQ]D
)RU VL51$ H[SHULPHQWV  0&) FHOOV SHU ZHOO ZHUH
VHHGHGLQZHOOSODWHVRQHGD\EHIRUHWUDQVIHFWLRQLQSKHQRO
UHGIUHH PHGLXP 7KH FHOOV ZHUH WKHQ WUDQVIHFWHG LQ WULSOLFDWH
ZLWKVL51$ WDUJHWLQJKXPDQ(5Į 6DQWD&UX]%LRWHFKXVLQJ
/LSRIHFWDPLQH  ,QYLWURJHQ DFFRUGLQJ WR WKH
PDQXIDFWXUHU¶V LQVWUXFWLRQV &HOOV WUDQVIHFWHG ZLWK QRQVSHFLILF
VL51$ 6DQWD &UX] %LRWHFK ZHUH XVHG DV FRQWUROV 2QH GD\
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)RU OXFLIHUDVH DQG ȕJDODFWRVLGDVH DVVD\V WUDQVLHQW
WUDQVIHFWLRQV ZHUH SHUIRUPHG ZLWK )X*(1(  WUDQVIHFWLRQ
UHDJHQW 5RFKH 'LDJQRVWLFV DV UHFRPPHQGHG E\ WKH
PDQXIDFWXUHU LQ ZHOOV SODWHV 7RWDO '1$ PL[WXUH LQFOXGHG
QJRIUHSRUWHUJHQHV6WDWOXFLIHUDVHUHSRUWHUYHFWRURU
(5(WNOXFLIHUDVHQJRI&09ȕ*DO LQWHUQDOFRQWURO$IWHU
 KRXUV RI WUDQVLHQW WUDQVIHFWLRQ FHOOV ZHUH KDUYHVWHG DQG
OXFLIHUDVH DQG ȕJDODFWRVLGDVH DVVD\V ZHUH SHUIRUPHG DV






HOHFWURWUDQVIHUUHG RQWR 39') PHPEUDQHV 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DSSURSULDWH VHFRQGDU\ SHUR[LGDVHFRQMXJDWHG DQWLERG\ IRU 
KRXU 0HPEUDQHERXQG VHFRQGDU\ DQWLERGLHV ZHUH GHWHFWHG
XVLQJ WKH (&/ H[WUD FKHPLOXPLQHVFHQFH IURP $PHUVKDP
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DQG ZHUH WKHQ LQFXEDWHG RYHUQLJKW DW & ZLWK WKH SULPDU\
DQWLERGLHV  DQWL(5 +& RU DQWL6UF % $IWHU
ZDVKHVFRYHUVOLSVZHUHLQFXEDWHGZLWKUHVSHFWLYHO\DQWLUDEELW
RU DQWLPRXVH IOXRUHVFHQWO\ ODEHOHG VHFRQGDQWLERGLHV 
IRU  PLQ DW URRP WHPSHUDWXUH 7KH FRYHUVOLSV ZHUH WKHQ
PRXQWHG ZLWK 0RXQWLQJ 0HGLXP FRQWDLQLQJ 'DSL DQG ZHUH
DQDO\]HGRQIOXRUHVFHQFHPLFURVFRSH
3UR[LPLW\/LJDWLRQ$VVD\3/$
7KH 3UR[LPLW\ /LJDWLRQ $VVD\ 3/$ WHFKQRORJ\ DOORZV
YLVXDOL]DWLRQ RI SURWHLQSURWHLQ LQWHUDFWLRQV LQ VLWX &HOOV ZHUH
JURZQ DV GHVFULEHG IRU LPPXQRF\WRFKHPLVWU\ DQG WKH
FRYHUVOLSV ZHUH WUHDWHG DFFRUGLQJ WR PDQXIDFWXUHU¶V
LQVWUXFWLRQV 'XROLQN ,, )OXRUHVFHQFH 2OLQN %LRVFLHQFH
6ZHGHQ >@ FRPPHUFLDOL]HG E\ 6LJPD$OGULFK )LUVWO\ WKH
VDPSOHVZHUHVDWXUDWHGDQGSHUPHDELOL]HGKRXUXVLQJ3%6
ZLWKWULWRQDQGQRQIDWPLON7KHQFRXSOHRISULPDU\
DQWLERGLHV +& UDEELW DQWL(5 DQG PRXVH DQWL6UF 
HDFKZDV LQFXEDWHGRYHUQLJKWDW& LQ3%6ZLWKWULWRQ
DQGQRQIDWPLON$IWHUZDVKHV WKH3/$PLQXVDQGSOXV
SUREHV FRQWDLQLQJ WKH VHFRQGDU\ DQWLERGLHV FRQMXJDWHG ZLWK
FRPSOHPHQWDU\ROLJRQXFOHRWLGHVZHUHDGGHGDQG LQFXEDWHG
KRXU DW & 7KH QH[W VWHS DOORZV WKH OLJDWLRQ RI
ROLJRQXFOHRWLGHV LI WKH WZR SURWHLQV DUH LQ FORVH SUR[LPLW\
WKDQNV WR WKH OLJDVH GXULQJ DQ LQFXEDWLRQ RI  PLQ DW &
$IWHUZDVKHV WKHDGGLWLRQRIQXFOHRWLGHVDQGSRO\PHUDVHDQG
LQFXEDWLRQ RI  PLQ DW & DOORZV D UROOLQJFLUFOH
DPSOLILFDWLRQ UHDFWLRQ XVLQJ WKH OLJDWHG FLUFOH DV D WHPSODWH
7KH DPSOLILFDWLRQ VROXWLRQ DOVR FRQWDLQV IOXRUHVFHQWO\ ODEHOHG
ROLJRQXFOHRWLGHVWKDWK\EULGL]HWRWKHUROOLQJFLUFOHDPSOLILFDWLRQ
SURGXFW 7KH FRYHUVOLSV DUH OHW GU\LQJ DW URRP WHPSHUDWXUH LQ
WKHGDUNPRXQWHGZLWK'XROLQN,,0RXQWLQJ0HGLXPFRQWDLQLQJ
'DSL DQG DQDO\]HG RQ IOXRUHVFHQFH PLFURVFRSH =HLVV
$[LR,PDJHU = PLFURVFRSH ZLWK REMHFWLYH ; 2Q HDFK
VDPSOH DW OHDVW  FHOOV ZHUH FRXQWHG $QDO\VHV DQG
TXDQWLILFDWLRQVRIWKHVHVDPSOHVZHUHSHUIRUPHGXVLQJ,PDJH-
VRIWZDUH WKDW DOORZV FRXQWLQJ GRWV RQ  ELWV LPDJH DQG WKH
SOXJLQ³&RXQWHUFHOOV´DOORZVDQDO\]LQJFHOOVQXPEHU
6WDWLVWLFDODQDO\VLV
7KH VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG E\ 6WXGHQW W WHVW
,QWHUDFWLRQV EHWZHHQ YDULDEOHV SKDUPDFRORJLFDO WUHDWPHQWV
H[SUHVVLRQ RI (5 ZHUH SHUIRUPHG XVLQJ WKH DQDO\VLV RI






PRUWDOLW\ RI WKH ZLOG W\SH 3& FHOOV 3&:7 RU RI 3&
FHOOV WUDQVIHFWHG ZLWK WKH HPSW\ SODVPLG 3&& )LJXUH
$ ,QWHUHVWLQJO\ VWDEOHH[SUHVVLRQRI(5Į LPSURYHG WKH FHOO








7KXV LW VHHPV WKDW XQOLJDQGHG (5Į FRQIHUV 3&(5 FHOO
SURWHFWLRQDJDLQVWDSRSWRVLV,QRUGHUWRHQVXUHWKDWWKLVOLJDQG
LQGHSHQGHQW SURWHFWLRQ GRHV QRW GHSHQG RQ WKH FHOO W\SH




WKDW QR VWHURLGV ZHUH SUHVHQW 6SHFLILF VL51$ LQGXFHG D
UHGXFWLRQRIQHDUO\RI(5ĮH[SUHVVLRQFRPSDUHGZLWK
WKDWRI0&)FRQWURORQHV)LJXUH&0&)FHOOVWUDQVIHFWHG
ZLWK WKH (5Į VL51$ ZHUH VWDWLVWLFDOO\ OHVV UHVLVWDQW WR VHUXP
VWDUYDWLRQWKDQFHOOVWUDQVIHFWHGZLWKWKHFRQWUROVL51$)LJXUH
& 7KLV UHVXOW GHPRQVWUDWHV WKDW WKH SURWHFWLRQ DIIRUGHG WR
XQOLJDQGHG(5Į LVQRWGHSHQGHQWRQRXUFHOOPRGHOEXWFRXOG
EHUHSURGXFHGLQ(5ĮSRVLWLYHFHOOV,QRUGHUWRFRQILUPWKDWWKH
SURWHFWLRQ LQ 3& FHOOV LV OLJDQGLQGHSHQGHQW WKH (5Į
GHSHQGHQW WUDQVFULSWLRQDO DFWLYLW\ ZDV GHWHUPLQHG LQ WKH
SUHVHQFH RU QRW RI HVWURJHQ DQG RI ,&, )LJXUH ' (
LQFUHDVHG OXFLIHUDVH DFWLYLW\ LQ WKH 3&(5 3&(5 DQG
3&(5 EXW QRW LQ 3&& FHOOV VXJJHVWLQJ WKDW
WUDQVIHFWHG(5ĮLVDWUDQVFULSWLRQDOO\IXQFWLRQDOIRUP7KHEDVDO
WUDQVFULSWLRQDODFWLYLW\LH LQWKHDEVHQFHRI(ZDVKLJKHU LQ
3&(5 WKDQ LQ 3&(5 )LJXUH ' 7KLV LV LQ
DFFRUGDQFH ZLWK WKH KLJKHU H[SUHVVLRQ RI (5Į LQ 3&(5
WKDQ LQ3&(5 ,QWHUHVWLQJO\ WKHDQWDJRQLVW ,&, LQGXFHGD
OLJKW EXW QRW VLJQLILFDQW GLPLQXWLRQ RI WKH EDVDO WUDQVFULSWLRQDO
DFWLYLW\ LQ 3&(5 RU LQ 3&(5 SUREDEO\ GXH WR WKH
GHJUDGDWLRQRI(5ĮLQGXFHGE\,&, WUHDWPHQW7KHDEVHQFHRI
UHVLGXDO HVWURJHQ LQ RXU FXOWXUH PHGLXP LPSOLFDWHG LQ (5
LQGXFHG SURWHFWLRQ ZDV IXUWKHU FRQILUPHG E\ WKH IDFW WKDW ,&,
GLG QRW VLJQLILFDQWO\ GHFUHDVH FHOO YLDELOLW\ GXULQJ VHUXP
GHSULYDWLRQ )LJXUH ( 7KHVH UHVXOWV FRQILUP WKDW D UHVLGXDO








,Q RUGHU WR LGHQWLI\ WKH GRPDLQV QHHGHG IRU WKH SURWHFWLYH
HIIHFWV RI XQOLJDQGHG (5Į 3& FORQHV VWDEO\ H[SUHVVLQJ
GLIIHUHQW PXWDWHG RU GHOHWHG (5Į GHILFLHQW IRU FODVVLFDO
IXQFWLRQV ZHUH VXEMHFWHG WR VHUXP GHSULYDWLRQ $V VKRZQ LQ
)LJXUH$RXU3&LQGLYLGXDOFORQHVZHUHFKRVHQLQRUGHUWR
PLQLPL]HWKHGLVFUHSDQF\LQSURWHLQH[SUHVVLRQ7KHSURWHFWLYH
HIIHFW RI (5Į ZDV VWLOO GHWHFWDEOH LQ 3&(5ǻ$ FORQHV
GHOHWHG RI WKH $ GRPDLQ LQ 3&(5ǻ$ER[  FORQHV
GHOHWHGRIWKH$GRPDLQDQGRIWKH$)VXEUHJLRQER[DQG
LQ 3&(5&) FORQHV ODFNLQJ WKH HQWLUH $% GRPDLQ DQG
GHILFLHQW IRU WKH IXOO $) IXQFWLRQ )LJXUH % /LNHZLVH WKH
GHOHWLRQ RI WKH (5Į &WHUPLQDO UHJLRQ FRQWDLQLQJ WKH KHOL[ 
(5Įǻ$) ZKLFK LV D FULWLFDO VHFRQGDU\ VWUXFWXUH IRU $)
WUDQVDFWLYDWLRQ HIILFLHQF\ KDG QR LPSDFW RQ WKH SURWHFWLYH
DFWLRQRI(5Į)LQDOO\WKHSURWHFWLRQVWLOORFFXUUHGLQ3&(5
') FHOOV ODFNLQJ WKH '1$ %LQGLQJ 'RPDLQ '%' DQG WKHQ
XQDEOH WR ELQG '1$ $OWRJHWKHU WKHVH GDWD VXJJHVW WKDW WKH
OLJDQGLQGHSHQGHQWSURWHFWLRQGRHVQRWUHTXLUH$)DQG$)





&HOOV H[SUHVVLQJ (5Į GHOHWHG IRU DPLQR DFLGV 
3&(5ǻFWHUP DUH QRW SURWHFWHG DJDLQVW VHUXP
GHSULYDWLRQLQGXFHGDSRSWRVLV)LJXUH%7KLVGHOHWHGUHJLRQ
FRQWDLQVWKHKHOL[RI(5Į WKHHQGRI(GRPDLQDQGDOO WKH
)GRPDLQ 7KH GHOHWHG (GRPDLQ SRVVHVVHV WKH W\URVLQH 
< WKDW LQWHUDFWV ZLWK WKH 6+ GRPDLQ RI F6UF >@
LQLWLDWLQJ QXPHURXV FHOO VLJQDOLQJ SDWKZD\V >@ 7KH
VXEVWLWXWLRQRI<E\DVHULQH LQ WKHFORQH3&(5<6
HYLGHQFHV D GHFUHDVH LQ FHOO YLDELOLW\ DQG D UHWXUQ RI FHOO
YLDELOLW\ HTXLYDOHQW WR FRQWURO RQH )LJXUH%7KLV3&(5
<6 FORQH H[SUHVVHV D PXWDWHG IRUP RI (5Į ZKHUH WKH
VXEVWLWXWLRQRIW\URVLQHE\DVHULQHSUHYHQWVWKHLQWHUDFWLRQ
RI (5Į ZLWK F6UF >@ 0RUHRYHU WKH FDVSDVH DFWLYLWLHV LQ
WKHVHFHOOVDQGFRQWURORQHVDUHVLPLODU)LJXUH&7KXVWKH
NLQDVH F6UF VHHPV WR EH LPSOLFDWHG LQ WKH FHOOXODU SURWHFWLRQ
DJDLQVW VHUXP GHSULYDWLRQ 7R EHWWHU WDUJHW WKH VLJQDOLQJ
SDWKZD\V LQYROYHG LQ WKH SURWHFWLRQ RI (5Į 3& FHOOV
GLIIHUHQW NLQDVH LQKLELWRUV ZHUH WHVWHG )LJXUH $% 33 DQ
LQKLELWRURIW\URVLQHNLQDVHV6UFIDPLO\PHPEHUV/<D




DIIHFWV FHOO YLDELOLW\ HYHQ LQ WKH SUHVHQFH RI VHUXP +RZHYHU
WKHVHSKDUPDFRORJLFDO WUHDWPHQWVDIIHFWFHOOYLDELOLW\ OHVV WKDQ
VHUXPGHSULYDWLRQDQGLWVLQIOXHQFHLVQRWVXIILFLHQWWRPDVNWKH
SURWHFWLYH HIIHFWV RI (5 ,Q WKHVH FRQGLWLRQV 3&(5 FHOOV
ORVH WKHLU FDSDFLW\ WR EH SURWHFWHG DJDLQVW VHUXP VWDUYDWLRQ
LQGXFHG DSRSWRVLV ZKHQ WUHDWHG ZLWK 33 RU ,QK9 VLJQLILFDQW
LQWHUDFWLRQRFFXUUHG IROORZLQJZD\V$29EHWZHHQ WUHDWPHQW
ZLWK 33 RU ,QK9 DQG (5 H[SUHVVLRQ )LJXUH $ EXW QRW E\
WUHDWPHQW ZLWK /< RU 3' )LJXUH % 2XU GDWD
VXJJHVW WKHQ WKDW (5LQGXFHG SURWHFWLRQ LQ 3& FHOOV LV
PHGLDWHG E\ 6UF NLQDVH DQG DFWLYDWLRQ RI WKH WUDQVFULSWLRQ
IDFWRU6WDWDVUHSRUWHG>@
7ZRSKRVSKRU\ODWLRQVLWHVRIF6UFKDYHDQRSSRVLWH LPSDFW
RQ WKHDFWLYLW\RI WKH NLQDVH3KRVSKRU\ODWLRQRI W\URVLQH
ORFDWHG LQ WKH FDWDO\WLF GRPDLQ LQFUHDVHV F6UF DFWLYLW\
ZKHUHDV SKRVSKRU\ODWLRQ RI W\URVLQH  ORFDWHG LQ WKH &
WHUPLQDO GHFUHDVHV LW E\ FDXVLQJ D UHSUHVVLYH SURWHLQ IROGLQJ
>@+HQFHZHVWXGLHGWKHHIIHFWVRIVHUXPGHSULYDWLRQRQWKH
SKRVSKRU\ODWLRQ VWDWXV RI W\URVLQH  DQG W\URVLQH  RI F
6UF LQ WKUHH FHOO OLQHV 3&& 3&(5 DQG 3&(5
<6 (5 H[SUHVVLRQ LQ 3& FHOOV LQFUHDVHV WKH
SKRVSKRU\ODWLRQ RI W\URVLQH  LQ WKH SUHVHQFH RI VHUXP RU
GXULQJ VHUXP VWDUYDWLRQ )LJXUH $ ,Q D VDPH PDQQHU (5
H[SUHVVLRQ LQ 3& FHOOV GHFUHDVHV WKH SKRVSKRU\ODWLRQ RI
W\URVLQH  LQ WKH SUHVHQFH RI VHUXP RU GXULQJ VHUXP
GHSULYDWLRQ LQFUHDVHG RI QRQSKRVSKRU\ODWHG IRUP (5
LQGXFHGSURWHFWLRQPD\EH UHODWHG WRVLPXOWDQHRXVGHFUHDVHG




<6 FDQQRW LQWHUDFW ZLWK F6UF 7KHUHIRUH F6UF
SKRVSKRU\ODWLRQ VWDWHV RI 7\U  DQG 7\U  DUH VLPLODU LQ
3&& DQG LQ 3&(5<6 FHOOV )LJXUH $ F6UF LV










RI( LQ WKHF\WRSODVPRI3&(5FHOOVDV LQGLFDWHGE\ WKH
SUHVHQFH RI WKH UHG GRWV 6XFK DQ LQWHUDFWLRQ ZDV DOVR
REVHUYHGLQ0&)FHOOV)LJXUH%DQGDVH[SHFWHGQRGRWV
ZHUH GHWHFWHG LQ (5QHJDWLYH 3& FHOOV 3&& FHOOV
)LJXUH%QRWGHWHFWDEOHLQ)LJXUH&RUZKHQZHXVHGRQO\
RQH RI WKH DQWLERGLHV GDWD QRW VKRZQ 7KH TXDQWLILFDWLRQ RI
GRWVSHUFHOOLQGLFDWHGWKDWWKLV(5Į6UFDVVRFLDWLRQLVKLJKHULQ
3&(5 FHOOV WKDQ LQ 0&) FHOOV LQ WKH DEVHQFH RI (
)LJXUH %& ,QWHUHVWLQJO\ (5Į ZDV QRW FRQILQHG WR WKH
QXFOHXV LQ 3&(5 FHOOV DV D VLJQDO ZDV GHWHFWHG E\
LPPXQRF\WRFKHPLVWU\ LQ WKHF\WRSODVPRI WKHVHFHOOVXQOLNH LQ
0&) FHOOV ZKHUH WKH VLJQDO ZDV HVVHQWLDOO\ QXFOHDU )LJXUH
$ OHIW SDQHOV 7KH (56UF LQWHUDFWLRQ ZDV HQKDQFHG E\ D
VKRUW HVWURJHQLF WUHDWPHQW  PLQ HVSHFLDOO\ LQ 0&) FHOOV
LQFUHDVHG UHVSHFWLYHO\  DQG  IRU 3&(5 DQG
0&)FHOOV)LJXUH%&,QWHUHVWLQJO\QRGRWVZHUHGHWHFWHG
LQ3&<6LQWKHSUHVHQFHRULQWKHDEVHQFHRI()LJXUH
% QRW GHWHFWDEOH LQ)LJXUH&7KHVH FHOOV H[SUHVVHG(5Į





WKH HPSW\ SODVPLG 3&& RU 3& VWDEO\ WUDQVIHFWHG ZLWK (5Į HQFRGLQJ SODVPLG FORQHV 3&(5 DQG 3&(5 ZHUH
JURZQLQWKHSUHVHQFHRUQRWRIFKDUFRDOVWULSSHG)&6IRUKUVZLWKRUZLWKRXW(0&HOOYLDELOLW\ZDVWKHQDVVHVVHGXVLQJ
WKH TXDQWLILFDWLRQ RI FHOOXODU $73 9LDOLJKW +6 NLW IURP /RQ]D 5HVXOWV DUH H[SUHVVHG LQ UHIHUHQFH ZLWK FRQWURO FORQH 3&&
PDLQWDLQHG LQFKDUFRDOVWULSSHG)&6%FDVSDVHDFWLYLW\ZDVGHWHUPLQHG LQFRQWUROFORQH3&&DQG LQ(5ĮSRVLWLYH
FHOOV 3&(5DIWHUKUVRIFXOWXUH LQ WKHSUHVHQFHRUQRWRIFKDUFRDOVWULSSHG)&6& 0&)FHOOVZHUH WUDQVIHFWHGZLWK
VL51$ WDUJHWLQJ (5Į RU ZLWK QRQVSHFLILF VL51$ 7ZHQW\ IRXU KRXUV ODWHU 0&) FHOOV ZHUH PDLQWDLQHG LQ SKHQRO UHGIUHH
'0(0)PHGLXPFRQWDLQLQJRUQRWFKDUFRDOVWULSSHG)&6IRUKUVEHIRUHFHOOYLDELOLW\ZDVDVVHVVHGXVLQJ9LD/LJKW+6NLW
/RQ]D,QRUGHUWRFRQWURONQRFNGRZQHIILFLHQF\WRWDOSURWHLQZDVH[WUDFWHGIURP0&)FHOOVDQGWKHOHYHORI(5ĮZDVDQDO\]HGE\
ZHVWHUQEORWWLQJ' 3&&3&(5DQG3&(5FHOOVZHUH WUDQVLHQWO\ WUDQVIHFWHGZLWKDQ(5(7./XF UHSRUWHUJHQH
WRJHWKHUZLWK&09ȕ*DO7ZHOYHKRXUVDIWHUWUDQVIHFWLRQWKHFHOOVZHUHWUHDWHGRUQRWZLWK(0RU,&,0IRUKUV








)LJXUH   /LJDQGLQGHSHQGHQW SURWHFWLRQ DJDLQVW DSRSWRVLV GHSHQGV RQ W\URVLQH  RI (5Į  $  7RWDO SURWHLQ ZDV
H[WUDFWHG IURP GLIIHUHQW 3& FORQHV DQG WKH OHYHO RI (5Į ZDV DQDO\]HG E\ :HVWHUQ EORWWLQJ %  &HOO YLDELOLW\ ULJKW SDQHO RI
PXWDWHG3&FORQHVOHIWSDQHOZDVGHWHUPLQHGDIWHUKUVRIVHUXPGHSULYDWLRQXVLQJ9LD/LJKW+6NLW/RQ]D)RUHDFKFORQH

















2XU UHVXOWVGHPRQVWUDWH WKDW(5ĮSURWHFWV3&FHOOV IURP
DSRSWRVLV LQGXFHG E\ VHUXP GHSULYDWLRQ LQ D OLJDQG
LQGHSHQGHQW PDQQHU 7KLV OLJDQGLQGHSHQGHQW SURWHFWLRQ LV
TXLWHRULJLQDOVLQFHLW LVXVXDOO\GHVFULEHGLQWKHOLWHUDWXUHDVD
OLJDQGGHSHQGHQW SURFHVV 1HYHUWKHOHVV *ROODSXGL DQG
2EOLQJHU >@ DOUHDG\ UHSRUWHG D SURWHFWLRQ RI (5Į DJDLQVW
)LJXUH 8QOLJDQGHG(5ĮLQFUHDVHV6WDWSDWKZD\DFWLYLW\ $7KHF6UFSKRVSKRU\ODWLRQVWDWHRQW\URVLQHDQG





















VHUXP ZLWKGUDZDO LQ VWDEO\ WUDQVIHFWHG FORQH RI 3& FHOOV
7KLV LQFUHDVHG VXUYLYDO ZDV QRW UHODWHG WR DQ LQFUHDVHG FHOO
SUROLIHUDWLRQ DV WKH DXWKRUV GLG QRW REVHUYH '1$ UHSOLFDWLRQ
ZKHQ 3&(5 DQG 3&FRQWURO FHOOV ZHUH PRYHG LQWR
VHUXPIUHH PHGLD FRQGLWLRQV >@ 7KH\ VXJJHVWHG WKDW WKH
SURWHFWLRQ ZDV GXH WR WKH SUHVHQFH RI H[RJHQRXV VHUXP
VWHURLGVLQWKHPHGLXPUDWKHUWKDQDSURWHFWLYHHIIHFWGXHWRWKH
PHUH H[SUHVVLRQ RI (5Į ,Q WKH SUHVHQW VWXG\ ZH XVHG D
FRPPHUFLDOVHUXPZKLFKLVVWULQJHQWO\FKDUFRDOVWULSSHG7KXV
LQ 3& FHOOV PDLQWDLQHG LQ RXU VWHURLGIUHH VHUXP WKH
WUDQVDFWLYDWLRQ HIILFLHQF\ RI (5Į RQ DQ (5(GULYHQ UHSRUWHU
JHQH(5(WN/XFZDVYHU\ ORZ LQ WKHDEVHQFHRIDQ\ OLJDQG
DQGWKHWUHDWPHQWZLWK,&,KDGQRVLJQLILFDQWHIIHFW)LJXUH'
7KHUHIRUH WKH SURWHFWLRQ REVHUYHG LV DFWXDOO\ OLJDQG
LQGHSHQGHQW
7KLV SURWHFWLRQ GRHV QRW VHHP WR EH D FHOOVSHFLILF
PHFKDQLVPDVZHGHPRQVWUDWHGD OHDGLQJ UROHRI(5Į LQFHOO
SURWHFWLRQ LQ0&)FHOOV:KLOH WKHVHFHOOVDUHTXLWH UHVLVWDQW
WR VHUXP VWDUYDWLRQ LQ WKH DEVHQFH RI ( WKH\ GLH HQ PDVVH
ZKHQWKHH[SUHVVLRQRI(5ĮLVGHFUHDVHG)LJXUH()LQDOO\
WKLV OLJDQGLQGHSHQGHQW SURWHFWLRQ LV QRW VSHFLILF WR WKH
SDUDGLJP XVHG WR LQGXFH DSRSWRVLV DV ZH REVHUYHG LW ZKHQ
3&(5Į FHOOV ZHUH WUHDWHG ZLWK VWDXURVSRULQH GDWD QRW
VKRZQ6XFKDOLJDQGLQGHSHQGHQWSURWHFWLRQDIIRUGHGWR(5Į
ZDV UHFHQWO\ GHVFULEHG LQ KXPDQ QHXUREODVWRPD FHOOV ZKHUH
(5Į H[SUHVVLQJ FHOOV ZHUH PRUH UHVLVWDQW DJDLQVW K\GURJHQ
SHUR[LGHLQGXFHG R[LGDWLYH VWUHVV DQG VWDXURVSRULQHLQGXFHG
DSRSWRVLV >@ (5 ZDV WKH ILUVW VWHURLG UHFHSWRU WR DSSHDU
GXULQJHYROXWLRQDQGRXUUHVXOWVVWUHQJWKHQWKHK\SRWKHVLVWKDW
LW PLJKW KDYH LQLWLDOO\ EHHQ D WUDQVFULSWLRQ IDFWRU FRQWUROOHG E\
RWKHUVLJQDOLQJPROHFXOHVWKDQHVWURJHQV,WVWLOOUHWDLQHGVRPH
RI LWV RULJLQDO IXQFWLRQV LQIOXHQFLQJ E\ WKH ZD\ VRPH FHOOXODU
EHKDYLRUV LQGHSHQGHQWO\ RI LWV FRJQDWH OLJDQG HVWURJHQV IRU
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GLUHFW WUDQVFULSWLRQDO PHFKDQLVPV LQ SURWHFWLRQ FDQ EH
GLVFDUGHG 7KHQ WKH UROH RI (5Į PHPEUDQHLQLWLDWHG
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7KH FRPSOH[ (5Į6UF ZDV DEVHQW LQ 3&& DQG LQ 3&
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DQG6UF,QWHUHVWLQJO\WKHSUHFLVHTXDQWLILFDWLRQRIWKHVHLQVLWX
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